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PROBLEMTO BE SOLVED: To provide a method of manufacturing a sintered body which is 
formed of Co-Sb-filled skutterudite thermoelectric material that converts heat direct irrto 
electricity through a Seebeck effect, more improved in figure of ment, and lessened .n thermal 

SOLUTION: Skutterudite thermoelectric material is composed of Sb- containing sk uttemdite 
compound crystal grains and metal oxide dispersed between gram boundaries and s.ntered into 
a sintered body. Metal oxide restrains crystal grains from growing in a s.ntenng process, and a 
skutterudite compound is atomized into fine crystal grains which are 20 urn or less m average 
crystal grain diameter. The fine crystal grains are increased in gram boundary areas, phonon 
scaSerifg is enhanced, and the sintered body is .essened in thermal conduct.v.ty and enhanced 
in figure of merit. Rare earth metal oxide is made to serve as the above metal ox.de. The 
skutterudite compound contains a filled skutterudite compound whose compos.t.on is 
represented by a structural formula, LnyFexCo4-xSb12 (where Ln denotes rare earth metal. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Thermoelectric material characterized by being the sintered compact with which 
SUKATTERUDAITO system thermoelectric material consists of Sb content SUKATTERUDAITO 
compound crystal grain and the metallic oxide distributed to the grain boundary of this crystal. 
[Claim 2] Thermoelectric material according to claim 1 which set the diameter of average crystal 
grain of this SUKATTERUDAITO compound to 20 micrometers or less. 

[Claim 3] Thermoelectric material according to claim 2 characterized by the above-mentioned 
metallic oxide being an oxide of a rare earth metal. 

[Claim 4] Thermoelectric material according to claim 1 or 2 characterized by the above- 
mentioned SUKATTERUDAITO compound being a fill DOSUKATTERUDAITO system compound 
of a presentation of LnyFexCo4-xSb12 (here, Ln is a rare earth metal, <X<=4, and 0< y<=1). 
[Claim 5] Thermoelectric material of claim 4 the above-mentioned presentation is 3<=X<=4 
especially, and is [ claim ] 0.8<=y<=1. 

[Claim 6] Thermoelectric material according to claim 4 characterized by Above Ln containing two 
or more kinds of rare earth metals. 

[Claim 7] Thermoelectric material according to claim 4 to 6 Above Ln replaces with a rare earth 
metal, and is [ thermoelectric material ] Hf. 

[Claim 8] CoSb3 to which a SUKATTERUDAITO compound crystal uses Co and Sb as a principal 
component Thermoelectric material according to claim 1 to 3 which is a system compound and is 
characterized by the crystal of a CoSb3 system compound containing the transition metals 
except Co group metal. 

[Claim 9] Thermoelectric material according to claim 8 said whose transition metals are Cr, Mn, 
Fe, Ru, nickel, Pa and Pt, or Cu. 

[Claim 10] the powder of Co and Sb, or the above CoSb3 system compound powder and the 
transition metals distributed in this powder — since — thermoelectric material according to 
claim 8 characterized by being the sintered compact which sinters the Plastic solid which 
changes and changes. 

[Claim 11] Fill DOSUKATTERUDAITO system thermoelectric material which FeSb2 phase is the 
intensity ratio of the peak diffraction reinforcement of FeSb2 phase to the peak diffraction 
reinforcement of the fill DOSUKATTERUDAITO crystal phase by the X diffraction, and is 
characterized by considering as 1% or less into a fill DOSUKATTERUDAITO crystal phase in the 
fill DOSUKATTERUDAITO system thermoelectric material which consists of a presentation ratio 
of LnyFexCo4-xSbl2 (here, Ln is a rare earth metal, 0<=X<=4, and 0<=y<=1). 
[Claim 12] Fill DOSUKATTERUDAITO system thermoelectric material characterized by making 
the content of oxygen into 1 or less % of the weight into a fill DOSUKATTERUDAITO crystal 
phase in the fill DOSUKATTERUDAITO system thermoelectric material which consists of a 
presentation ratio of LnyFexCo4-xSb12 (here, Ln is a rare earth metal, 0<=X<=4, and 0<=y<=1). 
[Claim 13] Thermoelectric material according to claim 11 or 12 the above-mentioned 
presentation is 3<=X<=4 especially, and is [thermoelectric material ] 0.8<=y<=1. 
[Claim 14] Thermoelectric material which consists of a fill DOSUKATTERUDAITO system 
compound which has the presentation of HfyFexCo4-xSb12 (here, it is 0< X<=4 and 0< y<=1). 
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[Claim 15] Thermoelectric material according to claim 14 the above-mentioned presentation is 
3<=X<=4 especially, and is [ thermoelectric material ] 0.8<=y<=1 . 

[Claim 16] Fill DOSUKATTERUDAITO system thermoelectric material characterized by M being 
nickel, Pd, or Pt in the fill DOSUKATTERUDAITO system thermoelectric material which consists 
of a presentation ratio of LnyFexM4-xSb12 (here, Ln is a rare earth metal, 1<=X<=4, and 
0<= y <=1). 

[Claim 17] Thermoelectric material according to claim 16 which is 3<=X<=4, and is 0.8<=y<=1. 
[Claim 18] The manufacture approach of the thermoelectric material which is the manufacture 
approach of the SUKATTERUDAITO system thermoelectric material which consists of the 
crystal of Sb content SUKATTERUDAITO compound, and the metallic oxide distributed to the 
grain boundary, and is characterized by sintering the mixed powder of a SUKATTERUDAITO 
compound, or its constituent and metallic oxide. 

[Claim 19] The manufacture approach of a thermoelectric material according to claim 18 
characterized by the above-mentioned Sb content SUKATTERUDAITO compound being a fill 
DOSUKATTERUDAITO compound of a presentation of LnyFexCo4-xSb12 (here, Ln is a rare 
earth metal, 0< X<=4, and 0< y<=1). 

[Claim 20] The manufacture approach of the thermoelectric material of claim 19 that the above- 
mentioned presentation is 3<=X<=4 especially, and is 0.8<=y<=1. 

[Claim 21] The manufacture approach of a thermoelectric material according to claim 18 to 20 
characterized by for the above-mentioned mixed powder making the powder of the above- 
mentioned SUKATTERUDAITO compound distribute metal content sediment by sedimentation 
from a metal content water solution, decomposing thermally behind, making the compound 
powder concerned distribute a metallic oxide, and changing. 

[Claim 22] CoSb3 to which a SUKATTERUDAITO compound crystal uses Co and Sb as a 
principal component The manufacture approach of a thermoelectric material according to claim 
1 8 which is a system compound and is characterized by for the above-mentioned mixed powder 
mixing the transition metals except Co group metal into a SUKATTERUDAITO compound crystal, 
and being sintered. 

[Claim 23] The manufacture approach of a thermoelectric material according to claim 22 
characterized by for the above-mentioned mixed powder carrying out electroless deposition of 
the transition metals to CoSb3 system compound powder, and growing into it. 
[Claim 24] The manufacture approach of a thermoelectric material according to claim 22 
characterized by for the above-mentioned mixed powder mixing transition metals on the front 
face of the mixed powder of Co and Sb, or CoSb3 system compound powder by mechanical 
alloying, and growing into it. 

[Claim 25] It is the powder or CoSb3 of Co and Sb in the water solution in which the above- 
mentioned mixed powder dissolved transition metals. The manufacture approach of a 
thermoelectric material according to claim 22 which distributed system compound powder, 
carried out hydrogen reduction of the water solution after evaporation to dryness, and used it as 
mixed powder. 

[Claim 26] The manufacture approach of a thermoelectric material according to claim 18 to 25 
that said transition metals are Mn, Cr f Fe, Ru, nickel, Pd and Pt, or Cu. 

[Claim 27] The manufacture approach of a thermoelectric material according to claim 1 8 that the 
approach of sintering mixed powder is characterized by being a discharge plasma sintering 
process. 

[Claim 28] The manufacture approach of fill DOSUKATTERUDAITO system thermoelectric 
material that the head end process from formation of a fill DOSUKATTERUDAITO compound to 
sintering of fill DOSUKATTERUDAITO compound powder is characterized by carrying out into a 
non-oxidizing atmosphere in the manufacture approach of the thermoelectric material containing 
the fill DOSUKATTERUDAITO compound of the presentation ratio of LnyFexM4-xSb12 (here, Ln 
is a rare earth metal, 0<=X<=4, and 0<=y<=1). 

[Claim 29] The manufacture approach of a thermoelectric material according to claim 28 
characterized by a head end process including grinding of a fill DOSUKATTERUDAITO 
compound, preforming of the compound powder concerned, the charge to the sintering dice of a 
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Plastic solid, and the process of sintering of a Plastic solid. 

[Claim 30] Claim 18 to which the approach of sintering the above-mentioned compound powder 
is characterized by being a discharge plasma sintering process thru/or the manufacture 
approach of a thermoelectric material given in either 20, 28 and 29. 

[Claim 31] The thermoelectrical couple to whom sinter bonding of both the thermoelectric 
material is carried out for Sb content SUKATTERUDAITO system thermoelectric material to one 
as p type ****** and an n mold thermoelectric material, it is the thermoelectrical couple in 
which the p-n junction side was formed, and p type ****** is characterized by being claim 1 
thru/or a thermoelectric material given in 12. 

[Claim 32] The thermoelectrical couple according to claim 31 whose n mold thermoelectric 
material is Sb content SUKATTERUDAITO system thermoelectric material permuted by nickel, 
Pd, or Pt. 

[Claim 33] n mold CoSb3 Thermoelectrical couple according to claim 3 characterized by having 
the junction where system thermoelectric material consisted of n mold fill 

DOSUKATTERUDAITO system thermoelectric material which consists of a presentation ratio of 
LnyFexM4-xSb12 (here, a rare earth metal, 0<=X<=4, 0<=y<=1, and M are nickel, Pd, or Pt for 
Ln), and was joined by sintering. 

[Claim 34] The manufacture approach of the thermoelectrical couple who joins the shaping layer 
of the raw material mixed powder of p mold Sb content fill DOSUKATTERUDAITO system 
thermoelectric material, and the mixed powder shaping layer of n mold Sb content fill 
DOSUKATTERUDAITO system thermoelectric material by pressurization, is made to sinter 
subsequently to one, and has the p-n junction by sintering. 

[Claim 35] The manufacture approach of a thermoelectrical couple according to claim 34 that 
raw material mixed powder is the mixed powder of a SUKATTERUDAITO compound, or its 
constituent and metallic oxide, and is characterized by consisting of the crystal of Sb content 
SUKATTERUDAITO compound, and the metallic oxide distributed to the grain boundary. 
[Claim 36] The manufacture approach of the thermoelectrical couple according to claim 34 or 35 
characterized by the above-mentioned Sb content SUKATTERUDAITO compound being a fill 
DOSUKATTERUDAITO compound of a presentation of LnyFexCo4-xSb12 (here, Ln is a rare 
earth metal, 0< X<=4, and 0< y<=1). 

[Claim 37] The manufacture approach of a thermoelectrical couple according to claim 36 that 
the above-mentioned presentation is 3<=X<=4 especially, and is 0.8<=y<=1. 
[Claim 38] The manufacture approach of the thermoelectrical couple according to claim 35 
characterized by for the above-mentioned mixed powder making the powder of the above- 
mentioned SUKATTERUDAITO compound distribute metal content sediment by sedimentation 
from a metal content water solution, decomposing thermally behind, making the compound 
powder concerned distribute a metallic oxide, and changing. 

[Claim 39] CoSb3 to which a p mold Sb content SUKATTERUDAITO compound crystal uses Co 
and Sb as a principal component The manufacture approach of a thermoelectrical couple 
according to claim 34 or 35 that it is a system compound and the above-mentioned mixed 
powder is characterized by mixing the transition metals except Co group metal into a 
SUKATTERUDAITO compound crystal. 

[Claim 40] The manufacture approach of a thermoelectrical couple according to claim 18 that 
the approach of sintering shaping **** of mixed powder is characterized by being a discharge 
plasma sintering process. 

[Claim 41] The manufacture approach of a thermoelectrical couple according to claim 34 that 
the head end process from formation of a fill DOSUKATTERUDAITO compound to [ head end 
process / a p mold Sb content SUKATTERUDAITO compound is a fill DOSUKATTERUDAITO 
compound of the presentation ratio of LnyFexM4-xSb12 (here, Ln is a rare earth metal, 
0<=X<=4, and 0<=y<=1), and ] sintering of fill DOSUKATTERUDAITO compound powder is 
characterized by carrying out into a non-oxidizing atmosphere. 

[Claim 42] The manufacture approach of the thermoelectrical couple according to claim 34 who 
is n mold fill DOSUKATTERUDAITO which an n mold Sb content SUKATTERUDAITO compound 
becomes from the presentation ratio of LnyFexM4-xSb12 (here, a rare earth metal, 0<=X<=4, 
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0<=y<=1, and M are nickel, Pd, or Pt for Ln). 

[Claim 43] The manufacture approach of a thermoelectncal couple according to claim 41 or 42 
that the above-mentioned presentation is 3<=X<=4 especially, and is 0.8<=y<-l . 
[Claim 44] The thermoelectrical module characterized by having consisted of a claim 31 thru/or 
said two or more thermoelectrical couples given in 34, and a conductive electrode, and 
connecting each thermoelectrical couple to a serial. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] CoO.999 FeO.001 Sb3 of the example of this invention A compound and La 203 The 
SEM photograph (A) in which distribution of the particle of the fracture surface of a mixed 
sintered compact is shown, and CoO.999 FeO.001 Sb3 Same independent SEM photograph (B). 
[Drawing 2] CoO.999 FeO.001 Sb3 concerning the example of this invention A compound and La 
203 Graph showing the thermal conductivity of a mixed sintered compact, and the relation of 
temperature. 

[Drawing 3] CoSb3 which performed Cu plating concerning the example of this invention Graph 
which shows the zero-energy thermonucleus apparatus BEKKU multiplier of a compound 
sintered compact, and the relation of temperature. 

[Drawing 4] Fe addition CoSb3 concerning the example of this invention A compound sintered 
compact and CoO.999 FeO.001 0Sb3 Graph showing the Seebeck coefficient of a compound 
sintered compact, and the relation of temperature. 

[Drawing 5] Fe addition CoSb3 concerning the example of this invention A compound sintered 
compact and CoO.999 FeO.001 Sb3 Graph showing the power factor of a compound sintered 
compact, and the relation of temperature. 

[Drawing 6] The graph showing the thermal conductivity kappa of the mixed sintered compact of 
CeCoFe3Sb12 compound and La 203 concerning the example of this invention, and the relation 
of temperature. 

[Drawing 7] The graph showing the thermal conductivity kappa of Ce0.5La0.5CoFe3Sb12 
compound and the relation of temperature concerning the example of this invention. 
[Drawing 8] The graph showing the Seebeck coefficient of HfFe4Sb12 compound and the relation 
of temperature concerning the example of this invention. 

[Drawing 9] The graph showing the conductivity of HfFe4Sb12 compound thermoelectric material 

and the relation of temperature concerning the example of this invention. 

[Drawing 10] The X diffraction chart of the CeCoFe3Sb12 compound powder of mechanical 

alloying before concerning the example of this invention, and the back (A, B). 

[Drawing 1 1] The X diffraction result of the CeFe4Sb12 compound sintered compact which 

carried out discharge plasma sintering after performing processing (A) among Ar, and processing 

(B) among air. 

[ Drawin g 12] The graph showing the thermal conductivity kappa of a CeFe4Sb12 compound 
sintered compact and the relation of temperature concerning the example of this invention. 
[Drawing 13] The graph showing the annulus (A) of the temperature-Seebeck coefficient of a 
CeFe4Sb12 compound sintered compact and the relation (B) of temperature-conductivity by 
which the afterbaking join was processed and carried out in Ar and air. 

[Drawing 14] The graph showing the relation of the non-dimension performance index (ZT) of a 
CeFe4Sb12 compound sintered compact and temperature concerning the example of this 
invention. 

[ Drawin g 15 ] The graph showing the thermal conductivity kappa of a CeFe2.5Pt1.5Sb1 2 
compound sintered compact and the relation of temperature concerning the example of this 
invention. 
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[Drawing 16] The graph showing the relation (A) of the temperature-Seebeck coefficient of the 
CeFe2.5Pt1.5Sb1 2 compound sintered compact concerning the example of this invention, and 
the relation (B) of temperature-conductivity. 

r Drawing 1 7] The perspective view showing the process which manufactures the 
thermoelectrical couple who has p-n junction according to the operation gestalt of this invention 

f Drawing 18] The block diagram of equipment equipped with the heat source and the 
thermoelectrical module. 
[Description of Notations] 

1 Thermoelectric-Material Sintered Compact 
10 Piece of Sintering 

2 P Mold Sintering Layer 

3 N Mold Sintering Layer 

4 P-n Junction Side 

5 Notch 

6 Thermoelectrical Couple 
61 Thermoelectrical Module 

7 Heat Source 

8 Body of Equipment 

80 Current Control Section 

81 Capacitor 

84 Device Control Section 



[Translation done.] 
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[ii*]S36] ±1BS b#^*-v^;uy-i' hits® 

Ln y Fe x Co4- x Sb|2 (CCf, L n li£fr±H 

o<x^4. o< y gi) omtito?* jukx* 

•v^f^U^-f h<b^T-&-5Ci:S*#ai:-r*iS^«3 4 



XI43 5 lcfe«UDS5ftffi*i -y^UOTMiS^. 
[fS#JS3 7] ±fEiiaiSA<> ftl-. 3^X^4f, S. 
OO. 8Sy ^ 1 T'fci)lf^3 6IC|E«(0Slftm*-V^ 

(DatKK^yjbfBxa-y^juy-f h<b-&^rot»3Sic*® 

[IS3US3 9] p MS b "TfrV-i Hb£<B3 

*£Ha<, CoRu:sbSi)S^t^CoSb3Hk^ 

*sni- c o m<$zm*®i < m&&m t^Ltct^ 

St t -T SIS* S 3 4 XI* 3 5 l-SHS£0>S»S* -V ^;K7)Si 
[«*JS4 O] £6f»£(DjiKXttlJ|£0Mg-*-£*& 

1 8lc|E«<7)S?fim*-v^KOffiijg75jSo 

[Ii*3S4l] pIS b#^X* '>f -f MbolSj 
L n y F e x M4_ x S bl2 (CCT% L n l*#±3I& 
0^X<4. O^y^D 0>mf$.tt<»7 4 >\> KX*) 

tT 5 ct a<b i- zvk *m 3 4 iciE«<7>sftm* ^ 

[I**JS4 2] nlSbtfX^^f^Hb^ 
L nyF e x M4- x S bl2 (CCt, L n li*±JI& 
M. 0^X^4, O^y^K MliN K PdXttP 
t) <CijfiiSibA''f ) )Jj:-5nM7^;u KX^^t^ ht- 
fc€.If*«3 4lCiE®^ilfiS*-y^KOSlji75ji, 

[lf*S4 3] ±aBISJ«A<. 4$I3. 35XS4T', fi 
OO. 8S y ^ 1 T'fci)IS^4 1 XI* 4 2KfEit0>S& 

[IS^H4 4] IS*«3 1 ftl*L3 4i=gsttrot§iaa) 

[0001] 

[0 0 0 2] 

^fflL^fcl»m«*4<t LTI*. B i 2 T e3&S?»®tt*4A< 
htlXl^tzo 
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[0003] Sfc. }»S»»fctt. x*^-r^y-f 

Sg B B B iM^tCo.Sb3 MlfflS^^^fflLfc 
C£t>*0*D;txTl^o Z<D&<7Mb^l£. *?-fcL*L* 

[0004] M»»iLtIia:1»tttt, -if-*** 
tt«*B»Z = s2a//cT?«**iTL^«. t4f£fgfi&Z£ 
ft</J* * in z t L L> 0 d *i t> *5 * - * — l*J» 

it*** 

[0 0 0 5] jtefrftWKBB IT, ffl¥9-2 6 07 2 
9#^«Mffl»lCli. CoSb3 S±^d:L, -€-0*4 
^[zm-ffii: Lt^lS b«*dt?«IM*l::«fcy. ^ 

[0 0 0 6] *fc % «NBa*fCf*« &jg(*<Z)SI£;*£<t 
LT, ^IS b$B£#t;C o S b3^££t»3fc£AnI±f£; 

sba>A«4frUaatt±-elMH-r«c^rcj:o 
r, lt»izsbfiA<»«kLfc«tt(*fc-r**^BBm* 

[0007] LnT4Pnl2 (Lnl^lS^ 

B. Tl*m&&m. Pnlt P. As. S bttXCDTl 
M) 0>a-e»**t*7-rJUK^* v^iuy-f h (filled 

skutterudite)«KftCD<b««BA<. Lt;ll* 
titl^o Kx* v=r)\s94 hi*. X^-v^/U^ 

-f h«8a(D*ttl!Sa>A5rtiJjS (octant) \zM&*h2.-o 

±«*B**«-T*Ci:rzJ:oT. Sbi(DBl*B^lc 

[0008] dtiizM"r^5fefTft^i^oL>r. 

D.T.Morelli, G.P.Meisner; " Highf jgure of merit in 
Ce-f i 1 1 ed Skutterd i te". I . E. E. E. . 1 5th I nternat i o 
na I Conference on Thermoelectronics (1996) , pp 91 
I*. Ce*JtaLCo(D-ffllSFetaftLfcCeFe 
x Co4- x Sbi2^*7f^ h(&J»m*t»a>1#tt£ 
BH*LTl*4o ZtllZ&&t. C olzSfSF e(7)M& 

ftxtf2~40>«re*#<«&»£* *«*(*■<. 
< <^^*»3W/hs < 

fe€>o 

[0 0 0 9] Cftb^ttfiSRt^ya-iUi: Ltttffl 
»±B*ft«Lfc7*^Kx**T-n,$r-f h« 



[0010] aattft^spifflLfcttw^yi— ;ncoi^ 

*#Bfl*F9- 6 4 4 2 2-t*lCl*. Co — Pt— Sb 
3RflS*tt*nH4:U natPbTeiWb*««» 
U BHb6»»*to<* ttttlcXl4*B»(**tf LTBBtt 
(z. p-n»$**lZt)&<BB*aFtLTl^4 0 CCD:*;* 

UXj£ff£LT. **ML-C^^i—iU*B 

[0011] 

[3MM<»»Lcfc?£^4RB] «*. CoSb3 

«*t»ir»-«t lt, sb4a*#»Lfc»»i*. 

*crl4*<££(D-Cfc*A«. Hf— *?*«*Sj&<«T 
U /*r7-?r**s2 ai4*l5£*#S*L«i:i\> * 
It. Sbmo^mit. B£**ff€(EX£l*ttlVi Co 
Sb3 lBttmo)2 644IM«±©fc«)i:il:«llfi 
»*<b£l*5KB*<»**LTl*fco S^sb 
ffl<7>*a&lc<J;oTI4, »«k35^«S-t«:yB«ftc*Llz 

[0012] 7>r^Kx*7f^ h«i£l4, Bttfc 

l*fcl*3IHB#*«« BlMiS^-Sffia) 1 o(DA#SJjSI:: 

ifi-r«»*l3li % ^^t;i/^ h«£(D2fflfi(DCoB 
iP4ffl£* «ilfi* 3<ffiCDF el^Ai^iftt^Ci 
iCcfcy, Ci3WC#*. FefcSbfilt 

* yf/H^-f K«jfia>-«»A<F e S b2i: S b |c»« 
1=1*. K«tcSR(*S b fcBl*«*SLTl**jMM<fc* 

a< % zcdc£(4* »ttiz*»ftftii*-cfcy % KB-ei* 

*«5c*<DK*c<ky»B4<*±^*BBA<fcofc 0 
[0 0 13] *fc, ZtlP><D&n : £. ^va-il/t 

LTtt^£TTttffl*-6fctf>i::i4* 

MLTI4. CoSb3 SSlcPd-^P t «C 4: 

Jc+*cia>-C*«*t»4«B#**L-C^* (1*B¥8- 
1 8 6 2 9 4«^tlRat#|R) o L**U pMI 
*t»lz-T«fc«)lC, CoSb3@SC»ttlMlM 
n. Cr; Fe. R u 3? <DfcB5u3R $ Cd: 

^.&*i4A<. z*L&o)*Ba>airai4. 4f— <^^«»s 

[0014] 7^iUKx«^7^5r^r h&s»m» 
I* P it* y , n m\zm lx \tc o zmn l** u tb 
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m&mw'? k* 1 ^ 1 ***** **£ft#fcis* 

[0 0 15] ^*7f^h*»»«»®* 

[001 6] *3MBli* «rlBIH»=«*K SMI::* Co 
-Sb*(D7^/i/Kx* h »Jtt«»»0>1ltt 

&lc|R|_t*1t4J:3tt7-f JU KX**t- JU*-f 

[001 7] CotSbM^ fe 

4lM*CoSb3 *ft**»*C-. »*B*«-H=# 
jffcU Jftffiai-ckoTCo S b3 4 HaS* 

[0 0 1 8] *96MI*. 7>TJUK7^7f^ 

&-r4C<h£gtf}<h-f 4o *#E0J3l*. & 

[0 0 1 9] 

[BHS»at4fc«0«)¥»] *»BHI*. SbtfX* 

[0 0 2 0] *«9ia>IMltt*Hi. X*?^JHf-f US 
T£1*4o 

[0021] HP*>. *Hlft1b1Mll±. cos b3*ft« 

«5ffi<Dft*lCff L. ttfS*Ml"e0>'C oSb3 fiA(0ttj£ 

&&ip£rS]±£t*4o 

[0022] &MMbttlci*« tele. #±g$K0>&<b 



AD^i*. Cillery *• if— ^'V^RRStSftio 
[0 0 2 3] CotSbSi^tt. 
§CoS b33Mb£*Ka»A« L 

asjt^., ^(D{fi^fS]±^-y:4o pSK 

— /OhfcLT-, Cr. Mn. Fe. RuA<Mffl$tt 
4c nih-/^hi:Lt, N i ft (N i . Pd, P 
t) *>ft£H (Cu.Ag. Au) Sffifflt^o 
[0 0 2 4] Sb#SX*7fJl/^ h^b^lt L 
n y F e x Co4- x S bi2^(D7^;i/KX^^f^^ h 

hlSa^»»-r4CD*IJ6itL-C. »»lc«i:4«ft«ttte<D 
{ST^(»±^4o f&m***4l*. FeSb 2 ^S 

b»(D«rm««ffi*L-c. c*u=*y, «»e»*s«T 
[0025] za>*3&»»i*. »ai:s4aaT, 

«»#4rt<D»*l-«fey* JI/KX*^T"JUy-f hit* 

F e S b2<t S blC»»*tl4fcAT?fc4o 
Z0>fc*>l=, &«W-S4il«* 

[0 0 2 6] ^JBWdD^.-f^KX*^^!/^ h*»« 
■■K-zOht UN i % P d, PtOLW 
0>7G*£iM?U Ln y Fe x M4- x Sbl2»a)fc*»* 
Wffl-T4o C o SSUDLfcii^lcScSttC o S b3«*< 

i^Pdli. S b i(DSSftft6*tfffSLftL^:A 

>fjl,KX^7f^ KIRl»«*t»*»4Ci:*<-e# 
4o 

[0 0 2 7] **Wfl)»S*'>^Ut Sbt*^^ 
h*«»**-*"4pSli:nffia>2«)BcDl»«» 

T. Sftm^Ev^-^^ LT«ffl*tt4o 
[0 0 2 8] 

[*0^(DllJfi(D^88] *jB«0>S b**X*^-r^y-< 
HCl** InSb3^ CoSb3*0)X*'j/f^ 
K L n y F e X C o4r X S b 12**© S bil*»fc L 

Ni. po\ p ta>t^-r*t^a>5c*-e«»Lf=LnyF 

e x M4- x S b12^© J tb'a ! fe) : ti^lffl3Ftl4o 
[0 0 2 9] ±IB©<b^^CO^i*T*fc 
y, ttttiUL ¥«tta«kflE** 1 OO/imlSTFIcWIB 
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ic, sjSS*i®5-i o/ima)ffiffliciam$ti^o z<om 
&&<D%ti&*m\t. mwvttomzt. ^fr^otmrn 

[0 0 3 0] *fgtE(7)?»mtt*4f*. -tfE^Xrt^JUy 
[003 1] ^ B B B *i<7)WSfl<bl*. Sft£if/f^?bi:i 

[0 0 3 2] flUbili, SS^^IUkiA^jfflt 

it. La. Ce. Sm*M$J3$*U Ce^L 

[0 0 3 3] z<Dcfc3^M^bft(D^i!cl*. ^cDct 
51c. ^FS^^^-f^ K^*7fJl/^ h^m^*4lc 

:7^uK**^^£V h^b^^o^Stt^^flS-e 

[0034] &mmitmt. *?£l<i*> mnmwi- 

0. 1-15% (11) ##£*l£o 0. 

i*. s^w^iami^J^ < . 1 5%£*g*£<taij^is 

tS^^o #£L<I*. lHbtfcn^&*. 1-10%^ 

[0035] ±f5f&m*mi*. SbS^^'VTJ^ 
>r h<Dft*Xi**cDmJl*4<b. ^ik^ti^^^^M^ 

LtiS»itl)c ^*fti^ 
* h#CoSb3<b**-C**i:*l=l*. ^^SS^ti 

f:CoSb3<kft»8Wlt^. XI*. CoSb3i 
fiJclzlE^P^ L t-*R CotSb <DSS^t»T? fcotU 

[0 0 3 6] *S§B^|Zfc^TI*. ;I«SSICI*. 



**tL*. «isic*-y*»a?*tfciMW»i=i*. «b*b 

B B B *4^#lc1»a^^b^S^^iBmt-i) C t^ttt 

[0037] a»a'ictei^Ti*. Mitm&m&o t^t* 

ft«a)ttXi**tt<b1*ia)7K»»*ic. i«fcS4^'v 
ss*»«ibi=«» a? it fc 4 c 

[0 0 3 8] «*l*. *Ma>*fc«B**i**««L* c 

iZct y i«s»««a)±»a)tt»*Kft«!iii^ia L J Bt?* 
[0039] ±Ba>ftB«fls*a>*S-*Mfti** ■ 

tt*iz»*Lfc*BB<b«Bi*. «*aa^o>tt 

[0 0 4 0] **W<&»l<&*J6fl2ftl** CoSb 

3»icoivc* x*?^uy*-h3Mbftft<D*Bi-B* 
4BS**t6CoS b3KMttft*4to 
ttBWftBlci*, CoSb3SX*7fJl/y-f Mb** 

Ru4<«fflift4. a^*«^a»fi(*^ -xa^juif 

1 mo I CDC o05*i(OO. 0 0 1- 0. 01m 
o I (DttBfttcfcl*. **. CoSb3X*7fi^h 
§(*(*. p!Tf*4^ Z*l\Z s Mn, Cr. Fe> R 

[004 1] CO<):7ftpl7ciSCoSb3Sa)X* 

I*, mtftofco *»Bl*. x*^f;^ Hbdft 
fcB**Bfc«>B*»***M<i"*'*»«' c * «*B* 

[0 0 4 2] l^BCIl CoSb3*X*vf;^ 
-f h<b*«*naic«l*-r45c*t LT, NiS(N 

\ % Pd, pt) -\?>*ftB (cu, a g, a u) z&m 

h»B«»»t. BBBil^BC-e, BB»»1t4iifi« 
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[0 0 4 3] miBa»*JKO>S»lCl*. 
*>(^Tf4. CoSb3 SftS*fti:a)B»ft*ti»4 

<(iCoSb 3 aMbfttt»£i=9&ftM£ft*fl?;< 

[0 0 4 4] Sbir. «g-#tfta>»]<&ar&i4* cots 
bO)tt*SL<'iic-osb3 *<b$tt»*a>affiiza» 

T*. CotS btO)t»5SSL<l4CoS b3 *fcft«B» 

[0045] CO)*3tt9»*«0$-#1lfc*1*4** 
(4. C o S b 3SX* »v f h $ n ilcJEftt 4tc 

mt LX % -V>T)\A& (NL Pa. P t ) ^s^ji 
(Cu. Ag, Au) <Da*0lCt«ffl$*L4o 
[0 0 4 6] igl:5fe4ot, ^tf>. SbSttX*^ 

*a*<wwe**'. *?*l<(4, coStfsbtit?» 

14. CoSb3*b£tt£i$-lc«rm*l*. iloMl: 

[0 0 4 7] CCD^?S(4> Co S b3<b*tt*«*-r*t 
(4. Co. Sb&tf. ^<7)ffeO|tjfBRlT^C0^Jl^. «TE 

<b*»a>«a*i=tt**9icEftL, J*Hft£#tt<btt« 
«M*8L *<o***prt-ecos b3fc*1fta)«TaBHS&a 

Jt (^8 7 6°C) J5lT0)«fUJ;SJS (6 0 0~8 6 0°0 

i=*»«»LTi»fciwwi*tT5o ttKibnawz* 
y. co s b3 *ft**t**fc«m*-frrai«r*o:< 

L^M^b-T^o 

[0 0 4 8] miB«K1bKa9tt^fl]L^ttl4. »* 
U Hfa©*«»*^»»Lr. CoSb3 *<b*«B0) 

*y h£4bft«ia>tt&f4* tttst*a>tMMfta£fttf>«o 

T*. 1 0 0 /imiaT<DRlTli(Z>eHIZiafi-#"So 7^±vn~ 
JHHb«B»£. *&lc»*L<l*. «a-lc 

[0049] *§&w<Dt&nvmo>m&\z\* % #£l< 

t. y-f*^ei5(c^^b«A$ti^>2oa>K^/N 0 >^ 



a>*9tt<btt t mma>w»±m t?«»i* ** a l , 

[0 0 5 0] rt»f*<DX*^x;by-f hf»tt(4«W£ 
■e*oTJ»tta)IRlcfiE»(*lzf4*3lEA^*L43E><. 

warei*. »p^^i^f4^sft<7)j$fi4^^^ B B B 3a^cDffi5: 

£ G 9*ft4ia*MNbttl*« &«S<DJg(D*&j£ft£B&it 

Sc*A<-e*«. ttttSfttt* tttafttttt* :?u*E*i 
10 0-1 OOOkgf/cm2 % :(&$S;^jgl4. X^y-rA^ 
-f hf£S<0i8»SK<fcy«l\ 6 0 0-8O0°CSfitf 

[005 1] »C«^X-7ttliftlZ«fc*ltf. 

&(c#LT9*HttttSkeB£;t:* i o#isu*re* iiS(4 

[005 2] **W(7>I»«»»I4. »* L < 14. _tfS<7> 
<fc?|C, Ln y Fe x Co4- x Sb12 (ft±S4lLn 
14. 0<y^1. FetfO<XS4) V&ZtlZ>&JlLa 

;uKX*^x^y-f hftft*!*, C o S b 3«Atit90> 
ffi7Llcffta>#±«5c****L. ««»«(Dfctoi::Co 
(Z>-6Bfc£lM4±T£F etf«lftLfcfc*»'C*y, « 
±S?c^ L n 14. La. Ce. Pr. Nd.S 

[0053] $±g#!Lnlt #*L<I4. Ln£ 
O. 4^y^1tl, lO, Fe^2^X^4 t^^CD 
*<cfcl>o 0. 4>yi«t, *«»3S«T4«y*-*?T. 
7*y>IHL»*36«/h*<<icy. y>ittit, IK 
fc&ofc#±a4I5c*^ll«i: L-CffUJt*. -<D« 
£\ F e*2^X^4<h-r^O(i. ^'Vf^h3!>< 

[0 0 5 4] $£>IC#£L< 14. L n t F e <DJBJ*£<;> 
[0 0 5 5] L n t Lt 2lfii2l±a)ft±fi41Stt % 

6iw»e»»*tflwr*cfc^-c#*. La 

iCedrM^WJfflt^, La : Cei(0§fi 
iro^Jl/tttf, 40:60-60: 4 0 (D»]£T-iBl4*l 



(8) 



M20 00-252526 



[0 0 5 6] **BJj0>JK«*mtt % Ln(Zftx.T. Hf 
&mm-fZ>^trfX*£. H f y F e x Co4- x S bl2 
:t\ o<x^4, o < y < i ) comf&ttt Z>~? << )V 

fcMHbttlCfi. ±K<D-«ia±©tf±«*MLn<DB 

[0057] tttstti*. x*^;u$v hstaa^ ± 

£LT±Bffl/S<DX*^;u#V Hb**lA^6*y, * 
blC *i(DFeSb3fc&»i6J:tf*lFe, CoS 

[0058] *^B^a)s»s*r*4ii. ±u&mmitm^ 

♦t*. C<DJ:3ttlWb«B»tk*tt«l*. *»H»S*tfc 
±B«*<D<b*«i»5Riz. l*fc*<D«»*S*LT. c 

[0 O 5 9] t&&<Dtzto<D7 4 )\* KX* ^TJU$V h& 

<b^1*a>JH»tt3Ka>BS(izi*. coSb3ix^^fji/ 

<l*. Fe. Co, Sb, ftigTcfH; 0ljK.fi. Ce5t 
£froT. Htt+lz^-f^Kxa^T-il^f HRfc** 

[0 0 6 0] C0)<*:5fe»»aHaicf*. #£L<I*. 
Ln, Fe. C o RlSS b (&Jg*4&H£* ttElb^Ma) 

howapiffiftajs. «*«6 o o-8 oo°cizBfi€fe 
[0061] mxibiMftafft)ftspL«:«ia« -»*u m 

S<0tt&#*U:#«LT; 7<^Kx^7f^^ Mb 

[0 0 6 2] *^0^IZfct>Tf*. Sttfc 7 -f 

p-f >y»wc*y*«<b»«-*-«a)3&«»*Lt^ > 

SllSttl** *StgT*feSFeSb2ffl*<5 



[00 6 3] *jBW(0LnyFexCo4-xSbi2*7^ 

e s b2&tfs bttbTNWIMAttt«:i: 

ifclvCI*. L n y F e x C o4- x S b }2^f^f^(D 7 4 )\, K 
h«Ifi*l3FeSb2«^ Xj£[5]#T|-cJ:<5 

■T4F-0 S b-2ffl<Dfcf— ^Ial»faiff<Daifflt^. 
TOMiit*- »«*t»*l=-FaSb2*3ft«H«5l 

ait-ei%**g*«*iciiaDf *m«\ ±e^ 

e»W<±»-*-«. WIZ. FeSb2ffi<7)0ftf^gtb 

I*, o. 1 %i*iTlcffl|B;a?*i4« 
[0064] c<D«fc?&7*;uKx*'y^uy-f hJU» 

fctt»H«*-ClTlv H«a>aA*B(SJh'r*Cfcl-J:y 
ff^o IMMb1±»Hftl*« ^JSteffxSBJL 

[0 0 6 5] *MttSIMWt ±&CDc>:dlC. 5 

£ 5 Z 1 1 c * y -r * C 4: *< r*£ 4 o 
[0 0 6 6] J»ftfMn***PLfcttl*« t» 

i*. ±iaa>jiffiT-ca)*«^x^*isafcj:y««* 

[0067] ttttttli. i©*5fi:*iK«»TT?M 

±SM«a>B<bl= J: o-Cflfe C 7 -f iU Kx* 
vfjuy-f h Lttl*. C#iic*y. 

F e S b2ttifa>»2«^»6«l«a)*±S«<«lX.*C 
[0 0 6 8] *fgWfl)7^;i/KX*7f^ hRJHfll 

*K NL Pd, Ptl*. C o ^^^IzS^LTtc*: 

[0 0 6 9] *^BJ(D7^;U KX*^T^y^f h 

^§ftm«*4lC(i. L n y F e x M 4 - X S bl2 (ZC-C. L 
nli^±S*®. 0^X^4. O^y^l) 0)t&f$itt£ 

*ru m^n i , Pd, p t <Di^~?tifr~(:&>z>y << ;u K 

[0 0 7 0] Co^t7>f^KX*7f^M<, 
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Ht't. Co£g&LfcNi, Pd, Pti'. Sbi© 
£l£Uit-£m<ft& L.ft L^C0T% SS£ft K-/*> h t L 
T^ffl-r^o ftoT, m2ffi£±fi£-t±-flC*v'J7;lJg 
<Dft]9S7b<nJfi6 t ft -§>o C (7) * 5 ft 7 4 ;u K* * v 
■< H4. N U Pd, P t £^A,T% n MZ> -f >\, 

[007 1] COTJ:-5tf. N i „ P dXliP t fML 
fcL n y F e x M4- x S b12 (CCt, L n I4#±3S£ 

[0 0 7 2] ^*B^^^-v^;U*, plin 

<7)<fc ^ ft ss&m* •> zT)i,T'it. MiRm-cwmtnoiji 5 * 

[0073] s b^xa-^/usV h9&S*mi4, p 

Sir Lt, JltBOLnyF e x Co4- x S bi2^7-CJUK 
xa^/U^V hA<?l|ffl£*U n^lCli, Ni, PdX 
I4P t tIlLfcLnyFe x M4-xS b 12&7 -f ^ 

[0074] m%iiV^Mt, pSMnI©X*7f 

ju** m«*»*i*&. ^*t^*i. jat»i*i=u pis 

fttb-Tft. -{WbLfcftlttmi*. p-ntg£r®£#fc 
J: a l^ffiTsEt-Miaoi U p-nfg^*m£^Ji!tU * 

p - n &£®<7>gig0£R**-r * J: 5 i=***ms«M-r 

ft.-fftfMl*. iiSItfcoT. *K*t*A<'J-Ki:L 
Til«0>*;£, 0>I*.I4\ *ftKtl=«J:y*IJl**t«. aft 
14, JgglKDfS&ma-v^n^ 'J-Kl=J:y«J<JI=*tt* 

[00 7 5] *mw<ny-<)i, Kxa-yr-juy-r 
tt^£ffll^=S&m=Evi-;U4, &;1ii£:frf 

£ ic £ o r ± c hrnfi -e^scDw wn £ tr => mm =1 - 
z.imt&mmv&to/t—)— fti:0>4 o o o c£*g*.a;i; 

[0 0 7 6] 

[IgfiEGQ] (JUK0I1 ) *jm«0>llft**mi*. Xii-j 
T-;uy-f HtLTCo S b3 <t£t$!l£fiyBU X*;/t- 



/l^-f htt7-0jayi::*IHMb*l£«l* fc 

[OO 7 7] ftPt&^ffll^CirlcfcoT. ■(b^ia^ 
irfi»MO*M^b^li:<7)^-^iJjA<pIt6i:ft.5 < , Cfflil 
*»SR*fiR»-LT«ttl:J:yiB**IS(*:i:-r*. **** 

»*&LT5M**ttT±«*H=*«IMb1l|jW$-l=*o» 

[0 O 7 8] $IC o (iS9 9. 998 

5%) ^ISb GWK9 9. 9 9 99%) &l/&JgF 
e (SEJS9 9. 9%) &*S&C o 0.997 F e 0.003 S 
b30)lifiKtt;lcft4*5l-SfiLfc*a*t*4*s Art? 
fflaSft^«);u^;KWe5S»jajS 1 1 o o~ 1 2 o o°c 

^^^•(D**CoSb3<»«ftlliS® (8 7 6°C) JiTFT? 
fc-5 8 5 0°CIZT 1 o hJnS»«!#L.-Ci$lftfl:fliSU ® 

§1 O O/umJUTI-WBMbLfc. Cttl-J:y CoS b3 

[OO 7 9] CCD*»*£. LaCl 3*M+l:MJ 
t»\ ^-SWT^-TTK^T-T^CirlCcfco-C, Co 
Sb3 mtfsWVim-^'&to L a (OH) 3 ^#ftiS$ 

Sffi(CLa2 03 *4^A<t*)-|^t!tLf=;l^^*?# 
fee C(D;1^*»*^^<ffiWlc^UX^LfcfiE^i*^, 

U*l±73 5 0 0kgf/cm2 . fitjaaS7 0 0°C, 4##f# 

[0 0 8 0] CCD=fc => I- Lr?#«ittfc1b^!K!l<t L a 2O3 
a);I^SS<*<7>SEM^S^Dl (a) lc^-r o 

Eli (b) ici*jt^(Dfctoic, pii:*fr-e<a»L,fcco 

0. 997 F e 0. 003 S b tftSWitoHtote&tt-to S E M^S 
&7F-fo EJ:y. Coo. 997 F e 0.003 S b3<b^-^l<t L 
a2O3<t(0;g-&«iiSf*l4, ttttfttftWHStifelML fiS 
$Bftli^T-^fi!tStlT^-5Ci:A<*iJ*o 
»I^Lf=Sfte^/c^, 0 2lz^-r*<. !?fiG«^/<rl4^ 
/hfitr'4. 5W/mKi:fty, St3l50 6W/mKAMo(g 

[008 1] (HJSW2) ^flBJOT^JSWIi. CoSb 

[0082] m&±mt LTCuroii^^CiJjF-rSt. 
^b^^*i§i«*l-i§«L^ Co S b3 <b^t»^S« 
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1X1 Lt, 4 0~6 0 0 Cf«t$Lt. CuSJUIC^yift^ 
A ? ffiI^tlfcCoS b3 <b^t»3KA<i#e>*T.fc<, Cu& 

En»IE* 5 0 Okgf/cm2 . &3SSJt7 O 0 0 C<D3H*T?4 
[0083] C(D<fe5ICLTt#f)ttfcCuj£S^aCo 

sb3 fcfcttrojJUtfco-e-^-^fcttiaaoHflk* 

IEl3IC^-r o -tf— ^<<v^7^liMCDfil**L. Cu«)I 
(ll: ( koTnfil:«fcL'fc = t4'fli. fit*. Cu^ft 

Tfcb-T. i$-#f|jtlcJ:o-CCufrt>Co^a>S&7!><(£ 

[0084] (|gJ6«3) Co S b3 ^m*r*'4l30LN 

^jfc+icco&tfs btf>t»*£, &fi&*Bfil£*<Col=*t 
LT0. 3mo l%S»LfciSS)$ (Coo. 997 Fe 
0.003 Sb3) fcfc£*5lci*ttiRaiLT#»£l±T, 

[0 0 8 5] 7K^il7ClCl*t»5SS 7 0 0~8 0 0°C|zlJP 
IS'LT. 3%**«t?A rftat«t»T?*»LT. I£<bi*£ 
***5ELfc. Co, SbJfctfFe*tt»3fob<i9-l=#* 

[OO86] C©lB«i^ ^«6<JlCfi£^L. CoS 
b3 SMb£«a<D5S#S£ (8 7 6°C) JilTKfcl^T A r 

i?Hm*t?> 1 o~3 o h^Diififflia^ffofco ^e>*Lfc 

[0087] 04Rt/05lZ. ZOmizLXfttfLLtzC 
0 0.997 0.003 Sb3 <b#^^<*<7)-tf— < "J 7% 

*sstf/<'7-7rmst. JM§a>*rtiij&<«Mws*i 

fc*SH. -tf-^-y^fcftSjWifcU '^1— Z> -rill* 
M*LX^% 0 £fc, C<C^;iliaUfl)S^lcCo S b3 

ftfcS*l&3|5*Jfc«l:/7X^*li*-* C <t 1= tot . C 
°0 997 FeO.003 Sb3 lb'&1&filS£<*a<*§'3;*X'£ = 
[0 0 8 8] (HJS0114) CtDStffitflJIi, 7^iL-K7* 

«k*«fc*tt(**»oTt^*. A»l=l*. ^S-fey^A 

Ce (MS9 9. 9%) iHFe ($6g99. 9%) i 
($$£99. 998 5) M7>fI>S 
b (£6g9 9. 99 9 9%) £fi|fflLT. MCCe 
F e3Co S bi2<»iSflfi)cltlC^^J: -51^. ArSIl* 
TMESLfc4Wt««. 538«T>^H=Kffi»Jh 

Lfc, r>^n*. «s*prtT-j§^jSS 1 ooo~i 1 
o o°ciz*ds» lt 2 o mffl&ftLx&mim&}%M l 

fee 

[0 0 8 9] Jfelc. »M*MSAifcfcT:/^;u£**l= 



fettle SSSm<p-e7 0 0°CICT3 0B#KllDSft«^L 
tSiftgl 0O/imJJlTI=«l(l<bLfco f»?>*tfct»5RI*. 

xMB8rttl= <fc y ? -r ;u K*a v v;uy-f l-*SA<Bl»;fc 

[0 0 9 0] -CO©**. La C I 3**»*+l=»llk* 
it, '>aW7'> ; E-T*^/'ST-r§C<!:IC«J:or, Ce 
CoFe3Sbl2M©ft*i:La (OH) 3©ISLfc 
JfclW*tf£j*S4i<5. Cl*t^$£^L. *Di>L-C7K»<b^ 
£#ft?U CeCo F e3S bl2<b^teifflfiK<©t»5Sa>l4 
^Affile L a 203*«t&-l=#«k Lfc»<H»*#»&ifc 

*«*JBlvC«fSLfc. ttfgftftl** En5TEE7J3 0 0kg 
f/enZ. M;Sg6 0 0°c, 4»ffit$iLfc, *fc. * 
;3££l£ 1 5 0°c/#JirF<t Lfco 
[009 1] C(0J:7i:LTSb^fcCeFe3CoS 

Lfcl^T?. IslC^T^SaLfcC e C o F e3S bi2<b 
[0 0 9 2] wfl>H*ve>3E$«l6tt:li\ ttJMtoMMHL 

U Tt'SofcfcttilC, tfl?OCa F e3C o S bi2*b 

[0093] (Jkffiffls) COTUffiflJi*. 7^;uKx* 
•v^f;u$V h^b^^ro^Tc^i bt'>*< 21 

«JiLta>#±S&lB£fflt*fc. Lt. L a 

(S56JS99. 9%) ±fB*5ejt<D C e . Fe. Co& 
IfSbJ, tiiSiCe0.5Lao.5F63CoSbi2©ii 
fiEtbl-^c-5^7l-A rgia+fffi • ;1£L. 
T>^;U-M^itihL. mS^MT-jgMSS 1 0 0 0- 
1 1 0 0°ClrJ)DlftLr 2 0B#RS]ffii$LT$§fl?l,fc„ 

■etzo ®t>*itzi&&n&niMFX 7 o o°cic-c3 oB#ra 

TIcatlMbLfc. 

[0094] z<Dto%.z : fmmzf$.r*Lx, sstm^x 

Okgf/cm2, flHSjaS6 0 0°C. 4»«}#i:Lfco * 
fc, ^;gj$glil 5 0°C/»felT<!: L-fco CO<fe5lcL 
Tf#t>tt^lgf*rollfteS^/c tS)Sa)ll^^gl7lc^ 
To 7*S >W8i.mX<D%im-&'?X. SSfi<£3i^A<<6M 

[0095] <igj60ii6) zommmiz. yow^-h 

T'fe-So «£3Rft±H5cm L nl*^*T*3ffii:4fiffia)^ 
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IE*lcfT 5 C 4 A< Prtfi £ * . 
[0 0 9 6] ^I/\7-WHf (*$Jt9 9. 9%) 4: 
Fe (£6)£9 9. 9%) MSb (£«6Jg 9 9 . 9 999 

%) fttS&H f F e4S bi2<7>MfiJci±l^^^>cfe5l3 

^iUizXffi»jhL. -«K*prt-c*»fflJti 000-1 1 

0 0°GlC*DgftLT2 OWI«SLtiS«Lf:o «IC 7 

WJtaftJPt? 7 o o°c\zx 3 OB#lfflftij&«t$u Sfflffi 
[0097] coowef*. »ft«j*ffl*-r«cttt.<. 

*«*fflt^T*«Lfc..*IS*i*tt. EPBJI±^3 00kg 
f/cm2 % flHSaflE6 0 0°C. 4#ffi#4Lf:: 0 *fc, ft 
SSfiSl* 1 5 0°C/#VlTt Ltz 0 
[0 0 9 8] ZCD&olzLTm* tltztit&tbCD -tf — ^ v 

[0 0 9 9] (HJ60J7) Z<DSIJfiffillwOl^TI4. C 
e, Fe. Co&l/S b £:£.f&ft t~t Z>7 4 K^* ^ 

[0100] H*4*H C e (ftJS 99. 9%) 4 F e 
WJS9 9. 9%) 4 Co (S6S9 9. 9 98 5) 
S b (*$Jt9 9. 9 9 9 9%) SfcSS&C e F e3C 
o S bi2<D<flfltJtr=«:*«l:3(-A rgia*t^i - S 

*Pl*JT?>§fi?;£)g 1 0 0 0-1 1 O 0°ClzAD&LT 2 0B# 

[oioi] r>^u«*>T**i-«Lrft3ftLr 
o°cizx3 oB#rei^p^«}#L. H«tt*r=*y ^ -t;uk 

[0 10 2] »6*ifc»l*AiWcT«»#Lfc*. 5SM 
fco ^*-^i;uTP-<>yicii^(05£«7)^^ KAtfit 



□ * t % «aicj:y»&*ifc<b**»5Ra>x 

Ui[E]#T$S^£. -ttl-fJltia 1 O (A) 4^11 O (B) IC 

XWDffttJKI*. >*-*il/TP-f >y»«lttl- 
tt»LtFtSb2«*M**i» »-tt*«3&<»&*i 

[0 103] C<Dcfc5^^±-*;UTP>f>^^CD 
*Jfi«4tH«lCLTLa C I 37K»^&0) 
Jt»*l=*y. Ln0)IMb»Ln2O3»*t«|-»«t* 

[0104] mmma) mmtLx. &mce mm 

9 9. 9%) t F e (M9 9. 9%) StfS b ($$Jg 
9 9. 999 9%) C e F e 4 S b 1 2<Z>fcl/£ 

1 000-1 1 0 0°ClcJlPj»LT2 0B#(««»LT»« 

Jft*»*fc»i^ ±Eo>»*w§i*ft^t?7oo 0 cicr 

3 OBSfW»J»«J$L* »6*lfc»l*c A r»Hft*-C*L 

Iti-TttttttLfcaL 3IM7t?-;u == Mzx¥-Q%L& 1 o 

O 0mJaTlC«8MbLfco 

[0 10 5] C A rftHft*"*?*— 

XlcSAL. S&lz*ttWlcffi**ffltoLTI»&Lfc. 
Z<DJ:5I^ tttt<DfcJ&<Dffi«yi*±TA r Sffl**^ 

r*«Lfco fltttftftfi* ffl^EE*3 0 0kgf/cmV* 
*£;£j£7 0 0°c. 4#«#4:Lfco *fc> UaUEttl 
0 0°C/^T(!:l/:c 

[0 106] dCDefc *5 I- LTf#btlfc CeFe4Sbl2 

4b*fM«tt{*a>xltDI«HM*Bi 1 (A) {zip.-?* * 

an (b) rzii**+-cy-f ^icitAL^aia^ 

I*. XISEeISt^-V— HZit. C e F e4S b12<0t°— ^7 
Dffiftfletf^ @Sfft2 0/l<3 1 9 »ifil=. $f:FeSb 
2«<0e— ^3&<C e F e 4 S b 12 fcf— * 0»f^l^iftJS LT 
36A/"efcy. CeFe4Sbl2l:^t^FeSb2 0)0 
tt«atftJt*<*?lO. Slztift-Kct^flft. EH 1 

(A) . A r 81W(fjr-f XlfALfeK»tl*F e-S 
b2<Offlrf)<3£'>U CeFe4Sb|2fffl^btltL^ 

O. O 1 laTT'fcofco E PMAICT 
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[01 0 7] c-ftf><BK»o»e»¥K£SK<D 
fHHI£Hli 2lC7F-r 0 ElcfcU A rglft+t^fli^L 

Kt6FeSb24<a*U 7*S>1ttLifim*LLtz 
i£<h;£j££:a>II0<I£II!i 3lz. £t>lc. c*i&*ytt* 

$*i4»*7cttfigjia (zt) &ajc^a>na«Bi 4 

if-***flW*fll**-«-£*<^S* ZTI4 

4 5o°cr*i. 4izm-?&^ktfmz>o 

[0108] (Hffi0ij9) ^ommmi*. K-/<>ht 

LTPtSfflt^ CeFe2.5Pt1.5Sbi2(OfiSS 

Lfco JS*4IC. Ce (»1S9 9. 9%) <tFe (fc&Jt 9 
9. 9%) £Pt (MJS9 9. 9) fttfSb (M9 
9. 9 9 9 9%) JSfflLt, «a»:CeFe2.5P 
t 1..5S b^ttfiKttSlZfcicfcaiCA r#i^*tffi 

RfiWx £;SJ£<7>IIfI«£iai 5fz^-r o £fc. 1f— ^ 

•>^«a&«»«*^afia)BB«*Hi 6 (a. b) i= 

^"To *«5c*0)JK***qi«ILft*<6na*^ l JT*« 

f. 

[0109] (jgjfiffjio) zo>mmm\t. pmtnm 

I*. 3SM«8fZtet*T»&*lfcC e F e4S b^aHb^ 

*M»**jhi*-c* Arg|^-e*-*>^7i:itA 

[011.1]*^ nl07^;i/K^*^f;i/^h 
Sf&mfcf*4f3\ 3Ufi«9lctel\T»6*ifcC o F o2.5 
P t 1.5S bi2*fcft»»3fc*Jfll*T. CKDnSOMb* 

I0)filcil (CeFe4Sbi2S<b^) ±{Z % Ari 

[0 112] »&ttfc2»«»(t*tt«^X^*IS« 
£m*T«JSLfc 0 «tt*f*l*. B1rTE*3 OOkgf/cm 
2. i^S7 0 0°C, 4^«Si:Lf:o MS 
£f*1 0 0 o C/ft\ZLTt Ltzo CtUC^oT, S1 1 7 IC 
^-Tcfeofe. R4E«(OpflWM2l:nBIIIM3tff 

CERatttattl a«ttaB-e«2-5mmiz«KLr 
p-nfg^Lfc^a^^jSfr 1 0lc#IBLfc. 
[0113] P -nf£^Lfc4&$£#l*. 5fe5SSiJlzco^p 



[0114] *iz % fiiSSWri oii, S&lz, «srr$ifc 
[0 115] $t>ic % C0)!»a*^^KDBfl»4«li. (S 

jMrefcfta-c. «jttf*H«i+u *ta 
o*^^pn p n (Dinicjaaee^jfztf ^-r £ - <t 

[0116] ft*. MtMt^mttMiu 

4«:Bttt^ftofco £*Uc»U flttelcfcotlSpn 
*B£#y. fllMtt ■ »Att***::i*±r*CfcaOT5n» 
[0 117] 7-f;i/KX*^fJU^ h»»Kvi- 

--;us*pj»-r-sci:iccfey. ^m-r^^iz^ijffi^tt^o 

[0 118] C0>*3ttMtici*s MKKttSt^a 
&£*<fcft 0 C4x6(DSfta5tt. ;UJt(*4 0 0°C 

4 0 0%Ja±-t?<Dltff3b<WtK&tty . W^va-JI/ 

Cfctf^llM: ft*. 

[0 119] JHCcfcoT»6*lfc«*li. 

wt&mi^zt\z&^T. nmonm^nm j psmwo 

[0 1 2 0] Hi 8ICI*. m;lS=3— KU>MbLfc36«* 

7lzJ$ft4LT9ftm : Ev^— ;U6 1 ^<iBS*ttTl^^>o & 
!7Wi«li, 181*^1-^6 1 icj:y#e«**ifc 

«aiMHiflic<t:yiH«dttr. Jftai? 

7>82, iMJH?7>8 3lCft*&£*U ^g*J&P§U8 4 
ICI*. fflffPSSSi LTfiJfflStlSo »t^a-^6 1- 

[0121] 
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[0122] fS&mtmi*, s b^xay-f-JU^-C Mb 
*±S4I L n «H f J Jtt ISO F e gj^ L 

fc^^^Kx^-v^juy-r h^fijffl-r-sciriccfcy. & 

[o i 2 3] *#^coS!&m*t¥4li, CoiSbt 

^ifiK^IC^tCo S b 31b^lCC r, Mn. Fe. 

Ru^iMl^tt; cti=«fcy. ■if-*?**** 

[0 12 4] *SgB^roS?fim«*4l±. $±!itlLn £3t 
iLlOCo©-3?Fe§SLfcLnyFe x Co4-x 

iz*tmn& 5 aa%)MTic»fi?$ffl^ & c <t ic * y . 

[0 12 5] Jblc. KxA •yf-;uy-f HSi 

L n y F e x M4- x S bl2 (CCT*. LnlJ*± 

m&m. m*<n i . pd, p t ) ©susst Lf=®-e. 86 

ib L n *fcit F e Big Ufc 7 -f )V K* * ^/ TJU*y 
[0 12 6] *S£BJjtf>S&m* >v ?;Ui. pM8am**¥4±: 

■c^Re^ti^^b, p-nttenttttti^ytttt**. 

£® tffflftfc y . *iLfcUt4wiS<. 8&B<Jl~3c5£ 

[0127] ^B^rogftm^rosia^ii*. sbti 
xa-y^u^'f h^ib^xii^-ro^fiEfiE^-t^M^b 
!feio;g^t»3i5^sa-r^-i:i-<fcy. ^iaer-<©jaa 

[0128] a»*a«t»m*tsi-«-fiit-r«.*sti=7kJ8 
y . flHtiifrcai»ffi<Dti»$*tti=nitti-r « z t *< 

[0 12 9] *&H«)»**m0>tttt«&l*« 1* 
ic. CoSb3^cD. xa-y-fjuy-f Hb^»3R«fl= 



a»*K^«>«**ffiasu cos b3^sas»»o>4f 

m#&&o ftl~. iI*£&JllCMn, Cr. Fe, RuH 
()5plK-/<>K0ttffll:<t:y. ^: P lCoSb3 & 

[0130] CoSb3 &££*»^<7>iH££Jia>;E£ 
mnm* jt&8;@&a>0)*9itjl7tj£, >a 

_a JUT P -f >yi=J: o X iSj-lztttx" L/=^*S«([t» 

[0131] S^^O^I-ftS^X^aSg^^fil 
»*w &JSK<b!tel«'»l=«k-6«StafiESffll*iJ 

[0 13 2] *fgBj|©&mttsft0)§!!ig;*;il*. l_ 

n y F s x Co4- x S bl2^37-r;U KX*7f<U?'f hJk 
l^bttHfflm*T'«iS-rS<or% AffilH-Cift 
X* y7-;uy-f htfcCDL nfct'WlM^^-fiUKxa-v 

[01 3 3] 7 4-juKx*i?TJU4r<f 1-aMb^!igl*S<* 
3 IMi^f tta*x *ffr 5 - <t ic J: o T, 1b^r^t»^^ 
<blc£SI!fti$£RfiitU ?MMaao>««>TiEl^«H8ft: 

[0134] *f§B8i±, mmijvzfj^. pi^^'yf 

X's *^^K7>p-n»#^^lCj;-3T^fi£$tl., S 

[0135] ^K^*-yf^^ h^fftm 

=Ei;a.-;UIZ^.^ f>*l-l>;aig^T'fE* Lfc«7DT?^SP«9 
gfiCDigift^ff 5 C<tl-J:oT, a5S(DSIfi3Slz*fU-C til 
*<fc y *n-d16zi X h ?Jf 3— K l/X^SS f#S C i: A< 

[Haro^m^lttBfl] 

[El 1 ] *5gBJl<7)g|J&6eija>C 0 0.999 Fe 0.001 Sb3 
<b^«3<tL a 2 03 OT;g^SS«:(D5SW®a)ia^(7)»ffi 
J^tSEMlI (A) <t. C 00.999 FeO.001 Sb 
3 0)M£%tt(J)f5\ffi(D S E MWM (B) « 

[02] *:HBJ(DHffi^lZ^SC 0 0.999 Feo.001 S 
b3 <b^i:La2 03 0)m£&&t*0>$M£im®t : &m. 
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[13] *j6M<D*Jfi«IC«4Cu>^^rSH6LfcCo 

sb 3 <bd«B*«t*a>-tf-*^^^«fttaaa)B«* 

[14] **BBO)SllfiffillC«4FeaJlOCoSb3 ft* 
ttflMStfcfttfCoO.999 F eO.OOIOS b 3 -ft 

[15] *«HOHtG0JlCffi6F eStOC o S b3 ft* 
«U»*g(*:a^Co0.999 Feo.001 Sb3 ft*«a«tei* 

[16] **Ma>Stlfi«lC«4C e Co F e 3 S b 12ft 
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